Background: Dopamine has been known to facilitate male sexual function. Methods: The effect of aqueous extract (140 mg/kg) of Phoenix dactylifera date palm pollen on sexual behavior and determining of dopamine transmission in the nucleus accumbens was studied in male rats using in vivo microdialysis. Results: Releasing of dopamine increased significantly in the nucleus accumbens when a receptive female was introduced behind a screen (p < 0.001). During copulation, dopamine increased markedly in control and treated rats. Phoenix dactylifera Date Palm Pollen enhanced the orientation of males towards females by increasing mounting and ano-genital investigatory behavior. Improving of sexual behavior and dopamine release was higher in treated rats in comparison with control (p < 0.001). Conclusion: These results indicate a neurochemical basis for interaction between dopaminergic agents and male sexual behavior. Therefore, Phoenix dactylifera Date Palm Pollen seems to act as a dopamine agonist and to cure male infertility. It can be used as an aphrodisiac that leads to further increases in dopamine release.
Methods and Materials
In our previous study, the maximum effect of DPP observed in dose 140 mg/kg [34] , therefore, we used this dose for measuring of the dopamine level in nucleus accumbens.
Samples of male Date pollen grain obtained from botanical garden at Bushehr Province (South of IRAN).
Preparation of Extract
Pollen grains washed with distilled water and then dried. The dried pollen grain pulverized with a small electric blender. The powder extracted in warm distilled water with constant shaking. The solution passed through a filtrate paper and lyophilized. After vaporizing the water, solution with dose 140 mg/kg prepared in the mixture of normal saline and Dimethyl Sulphate (DMSO) for injection. For preventing of pollution, solution stored in a refrigerator (2˚C -8˚C). A volume of 0.2 ml/rat/injected one hour prior to test (IP).
Animals
The study adheres to the principles of laboratory care established by Ethic Committee of Tehran University of Medical Sciences. Healthy male rats (wistar albino), 4 months old, weighting between 280 -320 g and females, 3 months old weighting between 220 -250 g selected from our department animal house (Physiology Department of Tehran University of Medical Sciences). The animals separated by sex and housed in a plexy glass cage (4 in each cage) placed in well-ventilated animal house. Room temperature was 22˚C ± 2˚C with humidity of 60%. Animals maintained in a reversed light-dark cycle (light on 7 p.m. -7 a.m.). The animals were acclimated for about 4 weeks before the experimentation. They allowed access to food pellets and tab water ad libitum. Experiments were done in dark period under red light. Female rats used as mating stimulus. They anesthetized with ketamine (100 mg/kg I.P.) and xylazine (10 mg/kg I.P.) and bilaterally ovariectomnized by making an incision in abdomen area. After recovery, behavioral estrus induced by sequential subcutaneous injection of estradiol benzoate (10 µg/100gr body weight S.C.) and progesterone (500-µg body weight S.C.), 52 and 4 hours, respectively before each test.
Surgery and Microdialysis Probes
Sexually experienced male rats anesthetized with ketamine hydrochloride (100 mg/100g I.P.) and xylazine (10 mg/100g I.P.) and implanted with a vertically oriented microdialysis probe into the nucleus accumbens by streotaxe apparatus (Harvard Co.). The skull surface was exposed and holes drilled. A vertically oriented probe was implanted with the following specifications: AP: +2.52 mm, ML: +1.4 mm and DV: −6.8 mm according to the atlas of Paxinos [35] . Each probe secured with dental acrylic to the three anchoring screws, and the skin sutured. The dialysis probes were a modified one that made by us. Needles with gauge 30 (OD: 0.3 mm) and 17 (ID: 0.6 mm) were used for making probes. G17 needle used as guide cannula and G30 needle as inlet and outlet that introduced directly into the cannula. The length of inlet and outlet tubes was 0.80 mm larger than cannula. Following surgery, the males housed individually in a Perspex cage with Food and water available at libitum. An antibiotic drug was injected (IM) for prevention of infection.
Test of male sexual behavior and microdialysis was done four days after surgery. Implanted male rat placed in a Perspex cage (30*40*50 cm) that located on a metal box and a mirror was located in an oblique position in it. The cage had a mesh plate in middle that divided the cage into two equal compartments.
The inlet cannula of dialysis probe connected to a perfusion pump and the outlet connected to a vacuum syringe via a polyethylene tube (PE-10). Perfusion was done with a Ringer's solution (147 mM NaCl, 3 mM KCl, 1.3 mM CaCl 2 , 1 mM MgCl 2 , and 1.5 mM NaPO 4 , pH = 7.3) at a flow rate of 5 µl/min.
Groups of Implanted Rats
Twenty four implanted male rats were grouped into three (A -C) consisting of eight animals each. Group A were control. Group B received normal saline and DMSO (vehicle) and Group C were treated with dose 140 mg/kg of aqueous extract mixed with saline and DMSO (IP). Tests on implanted rats were done one hour after injection.
Duration of test was a period of 70 minutes. Samples collected each 10 minutes from nucleus accumbens and sexual behavior parameters measured by camera and direct observation.
For the first 10 minutes, male rat was restricted to one-half of the cage and collection of samples gathered. After 10 minutes, a receptive female placed on the other side of cage (anticipatory phase). 10 minutes later, the screen separator removed and sexual interaction allowed for 30 minutes (consummatory phase). During this time, the number of mounts, intromissions, ejaculations and their latencies recorded. At the end of this period, female separated by mesh plate for 10 minutes and at the final 10 minutes, female removed. Effluent samples collected over 10 minutes period for measuring dopamine and sexual behaviors recorded only in consummatory period. After collecting of samples, they preserved in −20˚C. After each test, rats received 2 µl injection of blue ink and then were decapitated for removing their brains. Data from animals with injections sites inside the nucleus accumbens used. In control group, and at the end of experiment, the same female was introduced again and DA level was measured. After 10 minutes, another female was placed instead of previous female and DA level was measured.
Dopamine level measured by means of kit (ABO Switzerland Co.). For this, original density standard diluted, and then sample added and incubated for 30 minutes at 37˚C. After 5 times washing, HRP-conjugate reagent was added and incubated for 30 minutes at 37˚C. Finally, chromagen solution A and B added and their absorbance read at 450 nm within 15 minutes by ELISA reader and calculated. Concentration of dopamine expressed in pg/10µl/10min of sample.
Sexual behavior parameters of male rats were as following: 1-Mount Latency (ML), time from introduction of the female until the first mount. 2-Intromission Latency (IL), time from introduction of the female until the first intromission. 3-Ejaculation Latency (EjL), time from the first intromission until ejaculation. 4-Mount Frequency (MF), the number of mounts in a series. 5-Intromission Frequency (IF), the number of intromissions in a series. 6-Ejaculation Frequency (EjF), the number of times there was expulsion of semen by males after vaginal penetration-characterized by rhythmic contraction of the posterior abdomen [36] . Mating tests terminated when there was no ejaculation within consummatory period.
Statistical Analysis
After recording the sexual behavioral parameters, Data expressed as Mean ± SED and analyzed. The DA Data analyzed using between-within ANOVA to assessment of an intraction. Tukey HSD analysis applied to camparison DA level in each group and across periods. The comparison of means between control and each experimental group was done by the Wilcoxon-test. p < 0.05 was regarded as significant and SPSS software version 17 used for analyzing.
Results
The sexual behaviors results of experiments summarized in Table 1 . The extract produced no obvious sedative effects and no changes on respiration or heart rate in male rats. The proceptive female rats displayed ear-wiggling, rapid anteroposterior vibration of the ears, a short run and presenting her posterior to the male rats (darting) and a short jump with stiff legs and immobility and hopping. The male rats displayed precopulatory behaviour such as chasing, anogenital sniffing which eventually culminated into mounting. Lordosis displayed by the receptive female rats before, at the beginning and during the mounts. Differences of parameters between control and saline treated group were not significant. The aqueous extract had significant effect (p < 0.001) on all parameters. MF, IF, EjF and EjL increased, while ML and IL decreased in treated animals in comparison with control (p < 0.001). Orientations of male towards the female rats were more frequent and vigorous in treated rats.
The computed male sexual behaviour parameters which included percentages of index of libido, mounted, intromitted, ejaculated and copulatory efficiency were higher in the extract-treated animals compared to the untreated control animals. These indexes were statistically significant (p < 0.001).
Basal concentration of DA (Mean ± SEM) for control and saline treated groups were 18.702 ± 0.618 and 18.936 ± 0.647 pg/µl, respectively while for extract treated was 37.809 ± 0.124 pg/µl. Differences between saline treated and control groups were not significant. DA level change of extract treated group was significant in comparison with control group (p < 0.001) (Figure 1) .
DA level, increased in the 2 nd phase (time 20), in three groups. DA concentration in control and treated rats was 30.38 ± 0.257 and 53.04 ± 0.398 pg/µl, respectively. Differences between control and treated groups were significant (p < 0.001) (Figure 1) . ANOVA analysis for three groups showed that, DA levels within groups was statistically significant (p < In all groups, DA levels increased following replacing a female on the other side of cage and following mating with a receptive female. Then, DA concentration gradually decreased after separating of female. In all phases, DA concentration was higher in extract treated rats in comparison with control (p < 0.001). Maximum level of DA observed in the consummatory phase (Figure 1) .
Sexually active male rats transferred to mating chamber. A receptive female introduced into the mating cage after 10 minutes. 10 min later, the screen removed and rats copulated (30 min). 30 min later, female separated by hindrance and after 10 min, female removed. At the end of 70 min, the same female introduced, and 10 min later replaced with a new female. Finally, microdialysis of male continued to the end of 90 min.
In control group and at time 80, DA level increased but the increasing of DA level was not significant in comparison with base. But, in time 90, DA level increased that the differences was significant in comparison with base (time 10) (Figure 2 ).
Discussion
After putting a male rat into the mating cage, active exploratory behavior such as locomotion, sniffing and rearing observed in all groups. Both rats tried to investigate each other after placing receptive female behind the mesh wall. Following removing the mesh wall, sexual behavior started throughout the 30-min period ( Table 1) . Results showed a significant increase in penile erection and genital grooming and these parameters was greater in treated male rats. Increasing of penile erection induced by DPP could be due to its androgenic effects. Androgens are essential for normal penile erection and it regulates the magnitude of penile erectile response by increasing of cavernous blood flow [37] [38] . In this study, mounting, intromission, ejaculation latencies and frequencies changed significantly in treated rat in comparison with control group that may be due to the androgenic effect of DPP [33] . These results support the use of DPP as aphrodisiac and treatment of premature ejaculation in traditional medicine.
DA output in nucleus accumbens increased significantly when a female was introduced behind the mesh (anticipatory phase) in all groups, and it was greater in treated rats. There are significant increases in DA release in the nucleus accumbens of male rats during their first encountering with receptive females in three groups. This appears to be an unconditional event. Increasing of DA may be due to releasing of female pheromones [39] [40] . After removing of screen wall and during the consummatory phase of sexual behavior, a significant increase of DA observed and gradually decreased that indicating dissociation between DA and motor activity. DA concentration of nucleus accumbens increased markedly following administration of DPP in two phases of sexual behavior. The rise of DA release was smaller in control group. These results indicate that, copulation stimulate meso-accumbens DA release and suggest that mounting with intromission are associated with DA of NAc [4] . The nucleus accumbens (NAc) is a brain region involved in various functions ranging from motivation and reward to feeding and drug addiction. The NAc divides into two major subdivisions, the shell and the core. The primary output neurons of both of these areas are medium spiny neurons (MSNs), which are quiescent at rest and depend on the relative input of excitatory and inhibitory synapses they will fire action potentials. These synaptic inputs, in turn, regulated by a number of neurochemical signaling agents that can ultimately influence information processing in the NAc [41] . Meso-accumbens projection is important and critical in neural activity and incentive motivation [4] . These data indicate that copulation elicits mesolimbic DA release unconditionally in male rats and mountings with intromissions are associated with increases in accumbens DA [42] .
Mesolimbic system provides the motivational impetus. Decreasing mesolimbic dopamine activity delayed the onset and slowed the rate of copulation [19] . It also led to general inactivity and poorly organized copulatory patterns, but did not affect specifically sexual motivation. Thus, general activation, but not specifically sexual motivation, may be affected by mesolimbic activity [19] [42] .
DA facilitates male sexual function. Analysis of DPP showed that it contains high amount of sterols, steroids, alkaloids and flavonoids [43] - [45] [40] [46] that these agents can improve and regulate sexual behavior. It may be logical to attribute these behaviors to flavonoid constituents of the DPP since they alter androgen levels. Alkaloid content of DPP appears to have ergogenic properties by inducing vasodilatation of blood vessels, which happens in erection. They have genomically mediated effects and can enhance the processing of sensory stimuli, altering the synthesis of receptors and neurotransmitters in integrative area of brain and increase the responsive- ness of motor output. DA has a facilitative effect on sexual behavior and DA agonist can enhance this process [47] .
The pattern of accumbal DA release observed in this study which indicates that two distinct phases occur, during sexual activity in male rats: a mild response to primary or secondary sexual incentives (anticipatory phase), and a sustained increase during active copulation (consummatory phase) [4] [30] .
It seems, sexual behaviors belong to a category of natural occurring events with reward phenomena that are mediated by increased DA release in the nucleus accumbens. Increased mesolimibic DA during the preparatory and consummatory phases of sexual behavior in male rats could serve on both area one to reward ongoing sexual activity and to facilitate preparatory sexual behaviors that are elicited by primary or secondary sensory cues associated with a sexually receptive female [4] . DPP seems to act as a DA agonist. Our study showed that, DPP increased the plasma level of testosterone and estradiol [34] . Testosterone (T) not only has effect on erection but also, stimulates the synthesis and release of DA. Steroids indirectly influence the DA release via stimulating nitric oxide (NO) synthesis. NO is a soluble gas that acts both as a second messenger and as a neurotransmitter that is involves in male sexual functions including penile erection [48] and central control of sexual behavior [49] . NO is produced by NOS, which converts L-arginine into citrulline. In rodents, the expression of NOS in special regions is the control of sexual behavior and control of gonadal hormones. NO also plays a crucial role in intracavernous pressure and penile erection by acting on smooth muscle cells [50] . NO stimulates catecholamine release and inhibits its reuptake. Metabolites of testosterone (T) promote the copulation by up-regulating of NO production in brain which increases basal and stimulated DA release by female. In turn, DA facilitates genital reflex, sexual motivation and copulatory efficiency. T aromatizes and changes to estradiol (E) and/or reduces to Dihydrotestestrone (DHT) in brain that, these hormones regulate male sexual behaviors [51] [52] . The medial preoptic area (MPOA) is an important in- tegrative site for male sexual behavior. In male rats, DA releases in the MPOA shortly before and during copulation and the presence of T may be necessary for this effect [52] . These results suggest that Estrogen maintains normal basal levels of extracellular DA in the MPOA, which are sufficient for suboptimal copulation, and in female, Androgen is required for stimulating of DA release and for facilitation of ejaculation [53] .
Our study showed that DA concentration of NAc increased markedly following replacing a new female. This support the idea that rats may have experience in sexual behavior. Experience plays an important role in the full development and efficiency of sexual behavior. Thus, sexual learning reduces the time to initiate sexual contact and to achieve ejaculation, as well as the amount of stimulation required to ejaculate [40] . Sexual experience also improves copulatory ability [54] [55] , sharpens the olfactory interest of male rodents in female sexually related chemosignals [40] [56] , and increases male fertility [57] . Few of the learning-induced changes in male sexual ability can be interpreted as experience dependent increases in sexual motivation, since males engage in sexual behavior more rapidly, ejaculate more often, and display shorter PEIs and increasing of DA [58] . Furthermore, sexual experience diminishes or eliminates the disruptive effect of a novel environment, seen in sexually naive males [39] .
Conclusion
In conclusion, our results showed that DA concentration of nucleus accumbens increased in male rats following seeing and during their first encounter with a female in various phases of sexual behavior and this increase was higher in extract of treated rats in comparison with control. Thus, it seems that males were aroused sexually in mating cage. Introducing a female behind the screen (anticipatory phase) activated the sexual behavior and DA concentration in nucleus accumbens increased significantly due to female sex pheromones and olfactory cues [41] . During removing the screen (consummatory phase), a significant increase was observed in DA level. In this phase, it seems that increasing of DA must be due to genital motor activity. Overall, our data showed that copulation stimulates mesolimbic DA function in male rats and mounts with intromission are associated with increasing of DA. Increasing of DA, following administration of DPP suggests potential utility in managing sexual dysfunction and indicates that DPP can be used as a stimulator of sexual behavior and curing of male impotency (i.e. sexual arousal/erection disorders) and pre-mature ejaculation [34] . The present data suggest potential utility in managing sexual dysfunction. Its action may be due to the influence on sexual arousal and releasing of DA from nucleus accumbens. Effects of DPP may be due to the presence of steroids, alkaloids and flavonoids through a multitude of central and peripheral means [53] [59] [60] .
